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include Case t as well as Case 2. Studies of (9), made 
on tiic Moore School Differentia! Analyzer at the 
University of Pennsylvania, have served to substan- 
tiate (lie above development. Typical fundamental 
sets of solutions of (9) for a representative range of 
parameters « and K are shown on Figs. 3 to 6. 



VII. Conclusions 

Treatment nf inductance variation inside the differ- 
entiation sii;n, and inilinlifr.; ill — ipalton, (>tvcs rise to 
two ilislini I ellerls. (lite is 't!n." iliicc'l relationship with 

the |iri\ ions!) studied 1 * solutions of i In 1 capacitance var- 
iation in i In: sense that tin- functional expressions for 
rapai itor charges and circuit currents are, roughly 
speaking, in ten itnnged. The other, caused l>y dissipa 
lion, is the t i ii it- \,n \ ine; damping, .illustrated on Fig. 2. 
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Some Studies of Pulse Transformer Equivalent Circuits* 

('. IC. IIAIH.tM'kt, Assort A J !■:, Hit:, AND f ). LKBIXLj. \SS(K3ATE, IRK 



Summary — A pulse transformer equivalent circuit is synthesized 
from data obtained by direct test on a typical pulse transformer. 
The differential equations for the equivalent circuit are solved by 
means of a mechanical different nil analyzer for a variety of circuit 
constant values. Wave forms of transformer output voltage as ob- 
tained from the differential analyzer are of assistance in the design 
of pulse transformers. 

I. (NTttOIJtKTfON 

Pi IM. 1* RANSFORM I CRS arc currently finding 
important application in computer anil radar cir- 
cuits, as well as in many other devices utilizing 
short duration pulses. TltC method of analysis tO I"' 

described here is based on an equivalent rircnil which 
has been idealized to I lit- extent that the pulse trans- 
former which etui tains nonlinear, dist i Minted parameters 
is represented by a circuit containing linear, lumped 
< ii. nit constants. These assumptions perm i I n rela- 
tively simple procedure for synthesis and sulmetjuent 
analysis of- tile equivalent I'ircuil. 

* I in mi il elerailV itinii: ll» > Original inantiHcripl nvoiveil liy 
i lie [nxtitute, I >e. .1 iiIim I, I'ti'i, rcvfaeil ut.intisrriitl rciinvetl, June 
22; 1950. 

t Hnglim Airer.dt t"nin|>.itn , I'nKit Ci'tv, Cntit 
j the I 'uivei -uy <i| i '.iliii.i ui.i. ! iw \np Ii I alii 



11. Svn mi- sis in- Kot iv \ii m t inn n 

The particular pulse transformer lo I"' studied is 
treated as a four-terminal network « hose basic arrange- 
ment of impedances (/,,, Z B , 'Ac) is the 7" of Fig. 1. The 
asstt nipt ion <>( die T configuration f 1 x< - the frequency 

responses nl / ,, /.„, .ui.i /(.■ (or a particular transformer. 
Thrse responses an- obtained bv measurement of the 
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primary and then the secondary frequency c hajaciens- 
lics for both "I' 1 '"- a** 1 short-circuit condition on the 
transformer. 

The test data obtained from the transformer (Fig. 2) 
indicate that /.„ is very nearly zero. Therefore, for 
equivalence, 7. A should display the same resjxmsc as 
that seen from the primary windbag with the secondary 



eratorand load resistance (R t and f<,\ may be modified 

to include transformer copper loss and tore toss, re- 
spectively. 

III. Analysis o* Equivalkni CiKCort* 
Analysis of this equivalent circuit is based on its i :on- 
vent ion a I loop equations which follow! 




d d . 
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' = Wi + I t*4 — hj*fi 
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lie 2 Krwiitcnry dwracterwrte* <>( ;« lypir.-U pulse tramformef 
(t.si data). 

short circuited (i.e., the two attti resonant and two series 
resonant points of curve 1). The network representing 
Za »» Fir. 1 '* catpalrfe of producing this response. Cor- 
respondingly, the network representing Z c in big. 1 is 
obtained from consideration o( F%. 2, curve J which is 
the transformer's response as seen from the secondary 
with the primary open. Hence the circuit of Fig. 1 Will 
exhibit the frequency res|xmse characteristics of the 
actual transformer. 

The approximation is made that the circuits repre- 
senting 7. a and Zccould be replaced by single EC paral- 
lel comliiu.it ions. The validity of this step is question- 
able where frequencies above 4.0 Mr appear (see hie.. 2). 
The Fourier frequency spectrum of a single pulse ex- 
hibits an appreciable amplitude over a frequency inter- 
val extending from -(10/2«) to h(10/2e) where * is 
the pulse duration. For a l-Msec pulse duration then, 
10/2* = 5 Mc. Heme neglecting all components above 
4.0 Mc might introduce serious error. Assuming, how- 
ever, that this simplification is permissible, the equiva- 
lent L {T with the impedance Z*«=0) is shown in 
Fig. 3. An equivalent pulse generator and load (re- 
ferred to the primary) has been added. Capacitor C, is 
assumed to contain any load capacitance; values of gen- 
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V\ K * -Assumed equivalent rircutl of puis.- iranaforroer. 



where «*»(*) is =» voltage pulse ol magnitude En and 
duration t. 

In otder to explore the effects on the output wav, 
shape of changing the cin utt parameter values, a iiuin- 
ber of solutions corresponding U) BCVCraJ sets of values 

,.l circuit constants were desired. Solutions obtained bj 
techniques of operational calculus would have required 
an excessive expenditure ol man hours of computing. I ■ > 
this reason the problem was solved by means ol the 
I'niversily of California mechanical differential ana 
lyzer. This computer was selected lieeausc ol its ability 
to produce many solutions rapidly, inexpensively, and 
with the desired accuracy. Equations (1) tn Mi were 
solved in ditnejisionlcss form in order to facilitate the 
generalization of results. A selection ol representative 
solutions (output curves) obtained from the differential 
auak/ir appears in bigs. 4 and 5. 

jv. Con* usiunn 
The various effects on the out put wave form foi 
changes in the circuit parameters (see Figs. 4 and 5) are 
of special intcresi in determining design criteria. K\ist- 
inj; discrepancies between the output wave shape of the 
traivsloiniei tested, and the wave shape obtained from 
analysis ol the equivatcnl en. uii are directly traceable 
m the simplifying assumptions made in arriving at the 
equivalent circuit of Fig. 3. It is dim. nil lo obtain sim- 
ple, accurate, equivalent circuits of devices whit h con 
tain distributed parameters when consideration ol a 
wide frequency range is necessary. In particular, the 
representation of Za and Zc h> single £C combinations 

is valid only if frequencies above the first n sonant pom! 

are negligible in the circuit. Further, the asst d 

linearity of all circuit elements ma> produce d.iserepaM 
cies under certain condilions, 

It is over thesi sidcratioiis that n romitmH 

niusi always be made between ease of analysis and ac- 
rnraci ol results to determine the most sttilabh choice 

i -Ttw niffrrenilil Aiuly/er ,«f ihcl'nivn i."U«i 

veis.tv I'rm, Uniwrnty d fallftiruia L<* Aiiui'U-s. t-atil .I'U, 
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df equivalent circuit. Greater precision is obtainable 
by selecting more complicated impedance structures for 
Z.i, Zn, and Ze and/or l»y treating certain elements {pri- 
marily Lt) as nonlinear. However, the output wave 
shapes of the actual transformer and those obtained 
fruru i In- equivalent circuit of t*ig. 3 (employing meas- 
ured. values of circuit constants) show sufficiently good 
agreement for most practical purposes. 

The desirability u( employing a computer is immedi- 
ate!) evident from a comparison of the time required to 
solvt the circuit equations by means ol tin- Fourier trans- 
form ami differential analyser methods. 

Twenty-five I nuns were required to obtain a solution 
lor a single set of parameters l>y the Fourier transform 
method whereas the average time required by the dif- 
ferentia] analyzer was less tliau twenty minutes per 
solution. More complicated equations which would of 



necessity result from a more complicated equivalent cir- 
cuit and the introduction of nonlinear elements would 
greatly increase the advantage of a computer solution 
over other methods. 

Acknowledgments 

Acknowledgments for the contents of this paper are 
due the Kngineering Pulse Transformer Research Proj- 
ect, sponsored by the Air Materiel Command under- 
time direction of L. M. K. Boeiter. Special acknowledg- 
ments are due J. W. Miles and L. I,. Grand i for their 
contributions to this research project. 

Bibliography 

1. ('■. N. Clascoc ami f. V. I-cliacq*, "I'ulsC General' ir*," Radiation 
I .nlmratorv Series #5, Part III, chap. 12, McGraw-Hill Book Co . 
New, York, N. Y.; 1948- 

2. Reports t, II,. mil III, Pulse Transformer Contract w !8-099>ac- 
I9S, University ill California, !.<« Allodia, Calif, 






Kil»i 4 TvjikmJ atilput 


i urt e* 


!l Il.lllil 


ll •lilll'll'llli.ll 


uiitfyzt 


r. sliimini; the Cffeel "f a varying 1 /K t \ '{L,/t j). 










■v 


























ftffWt const U»f } 




\h 


/ 


> -*_ 





























L,'U7llO*.„ L," 115 1 *>-•„, 

C/«iSlW"« C,.|J7llO" , « 

1 














■ 












i 






























1 

■j width 


r 






coca mmmm 

B"0» 
C«0» 


> 








\ 










t.-l. 


















1 






































g L " 

*- 
1 


































- 




% ° 


o 




01 




\o 


1 


' - :>* 


a 


t 


»■ 


0.1 


61 




o 






r«c { 


) MGflOSJ 


tCDKK 






























-01 





































I i.; ; IVl'ii '1 phi hum:- .in in cli.inic.it <lilTerenii.il analyzer, showing ilie efleri nl j varying pulse width. 



3of 3 



